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Abstract . The dielectric behaviour of three Acrylates and their mixture compositions as liquid dielectric samples, have been studied at MW 
♦rcqucncy 9.132 GHz in dilute solution of carbon tetrachloride in the temperature range 300K to 330K Different dielectric parameters like dielectric 
viMistant r '  and dielectric loss e" at microwave frequency, static dielectric constant Cj and dielectric constant at optical trcquency have been 
determined. Using these dielectric data, various relaxation times viz T(>, Tj and r 2, of individual components and their ternary mixture compositions 
h:uc been calculated. The relaxation time values for single component solutions agree well with literature values while relaxation iimc.s ot ternar> 
mixture compositions are consistent with the computed values obtained from various theroretical relations
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1. Introduction
T hough  m a n y  w o r k e r s  [1 -4 J  h a v e  d o n e  e x te n s iv e  w o rk  on  
dielectric b e h a v io u r  o f  d ilu te  so lu tio n s  o f  p o la r  l iq u id s  a n d  th e ir  
binary m ix tu re s  in  n o n -p o la r  s o lv e n ts , r e p o r te d  w o rk  o n  h ig h e r  
order sy s te m s  is  n e g lig ib ly  sm a ll .  V ery  li tt le  in fo rm a tio n  o n  th e  
study o f  n o n - r ig id  p o la r  m ix tu re s  in  s o lu tio n s  is a v a ila b le  e v e n  
at a sing le  te m p e ra tu re . T h e  d ie le c tr ic  re lax a tio n  s tu d ie s  o f  te rn a ry  
iTiixiures o f  p o la r  liq u id s  in  d i lu te  s o lu tio n s  o f  n o n -p o la r  liq u id  
provide v a lu a b le  in fo rm a t io n  a b o u t  s o lu te - s o lu te  a n d  so lu te -  
solvent in te ra c t io n s . In  o r d e r  to  p ro v id e  e x p e r im e n ta l d a ta  on  
ternary m ix tu r e  c o m p o s i t io n  a n d  to  te s t  e x is t in g  th e o re tic a l 
felations, th re e  A c ry la te s  n a m e ly  B u ty l a c ry la te  (B A ), B u ty l 
m eth acry la te  (B M A ), Is o -b u ty l  m e th a c ry la te  ( IB M A ) a n d  th e ir  
m ixture c o m p o s it io n s  a t fo u r  d if fe re n t te m p e ra tu re s  a re  s tu d ie d . 
The s tu d y  is  e x p e c te d  to  p ro v id e  b e tte r  u n d e rs ta n d in g  o f  th e  
nature o f  m o le c u la r  o r ie n ta t io n  p ro c e s s e s . M o le c u le s  o f  so lu te s  
under in v e s tig a tio n  a re  n o n - r ig id  a n d  a s s o c ia tiv e  in  n a tu re . T h e  
dipole m o m e n t v a lu e s  o f  th e s e  a c ry la te s  a re  a p p ro x im a te ly  sam e  
 ^i -97-2.10 D ); th e re fo re , i t  c a n  b e  a s s u m e d  th a t th e  in te rn a l fie ld s  
the m ix tu re s  w il l  n o t  b e  d if f e re n t  f ro m  in te rn a l f ie ld s  o f  th e
Author for conespoiLdcnce.
p u re  c o m p o n e n ts  o f  th e  m ix tu re . M o re o v e r , it is e x p e c te d  th a t 
re la x a tio n  b e h a v io r  o f  m ix tu re  m u s t d e p e n d  o n  th e  co n cen tra tio n  
o f  in d iv id u a l c o m p o n e n t a n d  te m p e ra tu re  o f  th e  m ix tu re ,
2. Experimental details and theory
T h e  e x p e r im e n ta l s e t-u p , p ro c e d u re  an d  p r in c ip le  in v o lv e d  in 
d e te rm in in g  d ie le c tr ic  c o n s ta n t  c' a n d  d ie le c tr ic  lo s s  c" at 
m ic ro w a v e  freq u en cy  9 .1 3 2  G H z  is th e  sam e  as  d e sc r ib e d  ea rlie r  
by  Y adav an d  G an d h i |5 ,6 ) . IT ie e' an d  o f  sam p le  a re  ob ta in ed
b y  u s in g  th e  fo llo w in g  se t o f  e q u a tio n s  :
A . ,
1 -
Ph
Pa
(1)
(2)
Here, Aq, A^  ,an<i A  ^ are free space wavelength, cut-off 
wavelength and wavelength in the dielectric sample respectively.
a  j  is attenuation constant of the material measured in nepers 
per meter and is phase shift per unit length of the sample
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m e a s u re d  in  r a d ia n s  p e r  m e te r  a n d  a re  e x p e r im e n ta lly  m e a s u re d  
b y  fo l lo w in g  r e l a t i o n s :
2 .3 0 2  ,
a , =  — lo g
2 ^ - y f X i
2k
(3)
(4)
H ere , a n d  a re  r e a d in g s  o f  p o w e r in d ic a tin g  m e te r  w ith o u t 
a n d  w ith  l iq u id  s a m p le  o f  le n g th  L in  d ie le c tr ic  ce ll.
S ta t ic  d ie le c tr ic  c o n s ta n t  o f  s a m p le s  a re  m e a s u re d  w ith  
th e  h e lp  o f  a  T o sh n iw a l R L - 0 9  d ip o le m e te r , w h ic h  is  b a se d  on  
h e te ro d y n e  b e a t  m e th o d . D ie le c tr ic  c o n s ta n t o f  sa m p le s  a t o p tica l 
f r e q u e n c y  a r e  m e a s u r e d  w ith  A b b e ’s r e f r a c to m e tc r  by  
s q u a r in g  th e  r e f r a c t iv e  in d ic e s  ( n ^ )  fo r  so d iu m  D -lin c . T h e  
c o m p o u n d s  u n d e r  in v e s t ig a t io n  a re  o f  s ta n d a rd  g ra d e  a n d  u se d  
as  su c h  w ith o u t  f u r th e r  p u r i f ic a t io n . A ll th e s e  m e a s u re m e n ts  
a re  U k e n  a t  fo u r  te m p e ra tu re s  3 0 0 K , 3 1 0 K , 3 2 0 K  a n d  3 3 0 K . 
T e m p e ra tu re  o f  m ix tu r e s  w a s  k e p t  c o n s ta n t  w ith in  ±  0 .5  K  b y  
u s in g  a  c o n s ta n t  te m p e ra tu re  w a te r  b a th . In  c q . (1 ) , is th e  
o n ly  e x p e rim e n ta lly  m e a s u ra b le  q u a n tity  s in c e  fo r  d ilu te  so lu tio n  
o f  p o la r  l iq u id s  in  n o n - p o la r  s o lv e n ts ,  1] a s
^d  m e a s u r e d  b y  m e a n s  o f  p l u n g e r  
d is p la c e m e n t in s id e  th e  l iq u id  f i lle d  in  th e  d ie le c tr ic  c e ll . T h e  
p re c is io n  o f  m e a s u re m e n t fo r  A,y is  ±  0 .0 0 1  c m . C o r re s p o n d in g  
to  th is  a c c u ra c y  v a lu e , th e  e r r o r  in  th e  m e a s u re m e n t o f  £'  is 
e s t im a te d . F o r  s im p lif ic a tio n , e r ro rs  d u e  to  n o n -z e ro  im p e d a n c e  
o f  sh o r t  c ir c u it  p lu n g e r , c u rv a tu re  o f  m ic a  w in d o w  se p a ra tin g  E - 
p la n e  b a n d  f ro m  d ie le c tr ic  c e ll a n d  c la m p in g  g a p s  in  w a v e -g u id e  
s e c t io n  a re  ig n o re d . T h e  e r r o rs  o f  m e a s u re m e n t a re  c a lc u la te d  
b y  u s in g  c o n v e n tio n a l m e th o d  o f  e r ro r  a n a ly s is  {?]. T h is  m e th o d  
s ta te s  th a t  i f  a  q u a n t i ty  Q d e p e n d s  o n  s e v e r a l  o b s e r v a b le
q u a n ti t ie s  .r, y ,    s u c h  th a t Q is a  k n o w n  fu n c tio n  o f  v a r ia b le s ,
Q y » ........ ). th a n  e r r o r  ^  o f  th e  q u a n ti ty  Q m a y  b e  o b ta in e d
f r o m :
(5)
H e re , , ............ a re  th e  e r ro rs  o f  th e  m e a s u re d  v a lu e s  o f  jc,
y , ............ T h is  r e la t io n  is  v a l id  e v e n  i f  th e  p re c is io n  o f  th e
re s p e c tiv e  m e a s u re m e n ts  d if f e r s  [7 ]. T h e  e q . (2 )  in d ic a te s  th e  
p r e s e n c e  o f  a n d  L te r m s  in  a d d i t io n  to  A^ in  th e
e x p re s s io n  o f  T h e  e r r o r  in v o lv e d  in  m e a s u re m e n t o f  e "  is  
a ls o  c a lc u la te d  b y  u s in g  e q . (5 ) . C o n s id e r in g  th e s e  c a lc u la tio n s , 
e r r o r s  i n v o l v e d  in  t h e  m e a s u r e m e n t  o f  e '  a n d  a r e  
a p p ro x im a te ly  ± 1 %  a n d  ±  5% re s p e c tiv e ly .
T h e  v a lu e s  o f  d is t r ib u t io n  p a r a m e te r  a , m o s t  p ro b a b le  
re la x a tio n  t im e  T q , r e la x a tio n  t im e  T) fo r  m o le c u la r  ro ta tio n  a n d  
re la x a tio n  t im e  X2 f o r  in t r a m o le c u la r  ro ta t io n  a re  d e te rm in e d  
e x p e r im e n ta lly  b y  u s in g  th e  w e ll* e $ ta b lish e d  m e th o d  o f  H ig a s i
etal [8 ]. T h e  e x p re s s io n s  u se d  to  c o m p u te  d is tr ib u tio n  param eter 
a  a n d  v a r io u s  r e la x a tio n  t im e s  a re  :
a  =  1 ------ t a n ” '
n
( £ ,- e ^ ) e "
To = 1 ( 5 3 5
T,  =
a)
Ty —
(0
(b)
(7)
(«)
(9)
H e re , co is a n g u la r  f r e q u e n c y  o f  e .m . w a v e . T h e s e  p a ram e te rs  
in v o lv e  e' a n d  e"  q u a n ti t ie s  in  th e ir  e x p re s s io n s .  D u e  to  errors 
in  £ '  a n d  th e  c a lc u la te d  e r r o r s  in  d ie le c tr ic  p a ram e te rs  
a ,  T o, T, a n d  T 2 a r e ±  5 % , ± 6 % , ±  12%  a n d ± 5 %  resp ec tiv e ly
S ta tic  d ie le c tr ic  c o n s ta n t d ie le c tr ic  c o n s ta n t £ „  a t optical 
f re q u e n c y , d ie le c tr ic  c o n s ta n t  e' a n d  d ie le c tr ic  lo ss  £ "  a t m icro 
w a v e  f re q u e n c y , d is tr ib u tio n  p a ra m e te r  a ,  th e  m o s t p robable 
t im e  Tq, re la x a tio n  t im e s  T| a n d  T2 fo r  p u re  c o m p o n e n ts  and 
th e ir  te rn a ry  m ix tu re  c o m p o s it io n s  a t fo u r  d if fe re n t tem peratures 
a rc  r e p o r te d  in  T a b le  1.
T h e  m o s t  p ro b a b le  t im e  T q fo r  m ix tu re  c o m p o s it io n s  ha^ 
b e e n  c o m p u te d  b y  th re e  th e o re t ic a l  m e th o d s  19-11] viz.
S im p le  m ix in g  ru le  ( S M ) :
(10)
»=i
R ec ip ro c a l m ix in g  ru le  ( R M ) :
/=! *' f
(11)
Y ad av  a n d  G a n d h i m e th o d  (Y  &  G ) :
1=1
(12)
H e re , ;r. =  1 ,2 ,3  a re  m o le  f ra c tio n s  o f  in d iv id u a l com ponents 
in  th e  m ix tu re  c o m p o s it io n .
E x p e r im e n ta l  v a lu e s  o f  m o s t  p r o b a b le  r e la x a t io n  times 
m ix tu re  c o m p o s it io n s  a re  c o m p a r e d  w ith  theoretical 
c o m p u te d  v a lu e s  b y  u s in g  a b o v e  m e n t io n e d  m e th o d s  an d  arc 
l i s te d  in  T a b le  2 .
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SI. No. Name of the sample Temp. a 3^ c** To X 10'\ Ti X 10'', T2 X 10",
300 K 0 377 2.51. 2.128 2 396 0 120 1 1.41 7.83 16 65
1 Butyl acrylate 310 K 0.365 2.49 2 102 2.384 0.119 10.77 7 41 15 66
(BA) 320 K 0 337 2.46 2.080 2.369 0.118 10.19 7.17 14 15
330 K 0.401 2.45 2 061 2.358 0.118 9.70 6 92 13 59
300 K 0.333 2.53 J 2 127 2.438 0.123 9 37 6.92 12.70
2 Iso Butyl Methacrylate 310 K 0 266 2.50 • 2.105 2.425 0.122 8 44 6 64 10.72
(IBMA) 320 K 0.263 2.47 ; 2.095 2.406 0.121 7 75 6.78 8.87
330 K 0 238 2.44 \ 2 079 2.384 0.120 7.14 6.84 7 45
300 K 0.337 2 58
+
1 2 129 2 487 0 126 8 95 6 16 13.56
3 Butyl Methacrylate 310 K 0.322 2 55 1 2 108 2.474 0 125 7.95 5.95 10 60
(BMA) 320 K 0.271 2.52 ; 2 088 2.454 0.124 7 21 5.93 8 78
330 K 0 215 2 49 2.071 2.441 0 123 6 45 5.79 7 18
T, Mix. No. 1 300 K 0.344 2.56 2.128 2.464 0.124 9.32 6 44 13 49
4. (BA+IBMA+BMA) 310 K 0.296 2 53 2 114 2 455 0.122 8.22 6.20 10 90
(.0696+.3035+.6269)* 320 K 0.277 2.50 2.097 2.443 0 120 7.07 6.04 8 28
330 K 0.211 2 48 2.082 2.435 0 1 19 6 21 5 87 6 59
T Mix. No 2 300 K 0 333 2 52 2 127 2 430 0 122 9 49 7 01 12 86
5. (BA+IBMA+BMA) 310 K 0 332 2 49 2.121 2 419 0 121 8 38 6.86 10.23
(.3421+ 5963+ 0616)* 320 K 0 261 2 46 2 100 2 407 0 120 7 24 6 33 8 28
330 K 0 149 2 44 2.084 2.395 0 119 6 63 6 20 6 59
T. Mix. No 3 300 K 0 3.57 2.54 2 127 2.434 0.125 10.23 7.09 14 78
6 (BA+IBMA-^BMA) 310 K 0 334 2 52 2 120 2 430 0.124 9.38 6 97 12.65
(.3608+ 3144+.3247)* 320 K 0,318 2.49 2 103 2.413 . 0 122 8.69 6.85 11.00
330 K 0.259 2 47 2 087 2.400 0.1 19 8 23 6 62 10 25
T Mix. No. 4 300 K 0.362 2 53 2 128 2 425 0.121 10.36 7.10 15.13
7 (BA+IBMA+BMA) 310 K 0.309 2.50 2 116 2 410 0.119 9 66 7.07 13 18
(.69I0+.0.622+.2488)* 320 K 0.297 2.47 2 103 2 396 0 1 17 8 75 6 96 1 1.02
330 K 0.253 2 44 2 089 2.382 0 115 7.75 6 84 8.79
* Mole fraction of respective components in mixture composition.
3. Results and Discussion
The d ie le c tr ic  p a r a m e te r s  ( £ , ,  e ' a n d  £ " )  a n d  re la x a tio n  
(T q , ! ,  a n d  X^) o f  th r e e  p u re  a c ry la te s  a n d  th e ir  te rn a ry  
m ix tu re  c o m p o s i t io n s  a t  d i f f e r e n t  te m p e ra tu re s  a rc  g iv e n  in  
Table 1. I t  is  c le a r  fro m  T a b le  1 th a t v a ria tio n  o f  d ie le c tr ic  co n s ta n t 
an d  d ie le c tr ic  lo s s  v a lu e s  o f  in d iv id u a l  c o m p o n e n ts  a n d  
their te rn a ry  m ix tu r e  c o m p o s i t io n s  h a s  s a m e  tre n d  a n d  o rd e r  o f  
c^hange w ith  te m p e r a tu r e  w h ic h  s u p p o r ts  o u r  e x p e c ta t io n  th a t 
in ternal f ie ld s  o f  th e  m ix tu r e s  a re  n o t d i f f e re n t  f ro m  th o s e  o f  
p u re  c o m p o n e n t s .  A c r y l a t e  m o l e c u l e s  u n d e r  p r e s e n t  
in v e s t ig a t io n s  a r c  n o n - r i g i d  a s s o c i a t i v e  in  n a tu r e  s o  th e  
m o lecu la r in te ra c t io n s  a m o n g  s o lu te  c o m p o n e n ts  in  m ix tu re s  
c a n n o t b e  r u l e d  o u t  e v e n  in  d i l u t e  s o l u t i o n  o f  c a r b o n  - 
te trach lo rid e .
F in i te  v a lu e  o f  d is tr ib u tio n  p a ra m e te r  a  ( r e c o rd e d  in  T a b le  
1) fo r  p u re  c o m p o n e n ts  a n d  th e ir  te rn a ry  m ix tu re  c o m p o s it io n s  
a t d if fe re n t  te m p e ra tu re s  in d ic a te s  e x is te n c e  o f  m o re  th a n  o n e  
re la x a tio n  p ro c e s s . D e g re e  o f  d is tr ib u tio n  o f  re la x a tio n  p ro c e s se s  
o th e r  th a n  m o le c u la r  re la x a tio n  o f  e a c h  c o m p o n e n t is  s a m e  as  
n o  s ig n i f i c a n t  d i f f e r e n c e  in  a  ~  v a lu e s  o f  m o le c u le s  a re  
o b s e r v e d .  I t  is  a l s o  e v id e n t  f r o m  T a b le  1 th a t  v a lu e s  o f  
d is tr ib u tio n  p a ra m e te r  a  fo r  a ll s o lu te s  a n d  te rn a ry  m ix tu re s  
d e c re a se  w ith  in c re a se  in  te m p e ra tu re , w h ic h  sh o w s th a t a t h ig h e r 
te m p e ra tu re  m o le c u la r  ro ta tio n  o f  so lu te  m o le c u le s  b e c o m e  fa s te r  
a n d  u n ifo rm  in  th e  s o lu tio n .
T h e  v a lu e s  o f  Tq , t , a n d  X2 ( l is te d  in  T a b le  1) fo r  s o lu te s  
a n d  th e ir  m ix tu r e s  d e c re a s e  w ith  in c r e a s e  in  te m p e ra tu re . A t 
h ig h e r  te m p e ra tu re , b e s id e  c h a n g e  in  m o la r  v o lu m e , ra te  o f  lo s s
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Table 2. Comparison of expenmental and computed values of relaxation time using theoretical methods for ternary mixtuie of acrylates at differen 
temperatures.'
SI. No Name of the Sample Temp
Exp.
10‘^ ,
Theoretical values of Tq 
calculated by
Percentage deviations
Sm Rule Rm
Rule
Y & G
Method
SM
Rule
RM
Rule
Y & G
Method
T.Mix. No. 1 300 K 9.32 9.24 9.21 9.26 0.85 1.18 0.64
I. (BA + IBMA + BMA)* 310 K 7,07 8.40 8.35 8.42 -1 .92 -1.81 -4 .90
(.0696+ 3035+.6269) 320 K 7.72 7.58 7.52 7.62 1.81 2.59 1.30
3.30 K 6.21 6.89 6.81 6.95 -10.95 -9 .66 -11 .90
TM ix. No. 2 300 K 9 49 10.04 9.94 10.09 -5 .8 0 -4 .74 -6 .32
2. (BA + IBMA + BMA)* 310 K 8.38 8.98 8.80 8.83 -7 .15 -5.01 -5 .36
(.342I+ .5963+.06I6) 320 K 7.24 8.55 8 40 8.63 -15 .30 -16 .02 -18.78
330 K 6.63 8.03 7.83 8.14 -21 .10 -18 .09 -22 .70
T.Mix. No. 3 300 K 10.23 9.97 y 85 10 03 2.54 3.71 1.95
3. (BA IBMA + BMA)* 310 K 9.38 9.10 8 95 9.19 2.98 4.58 2.02
(.3608+.3144+.3247) 320 K 8.69 8.45 8.69 8.56 2.76 0.00 1.50
330 K 8.23 7.90 7.64 8 05 4.00 7.10 7.16
T.Mix. No. 4 300 K 10.36 10.69 10.52 10 74 -3 .18 -1 .54 -3 .66
4. (BA + IBMA + BMA)* 310 K 9.66 10 01 9.82 9.18 -10 .66 -1 .65 4.90
(.6910+.0622+ 2488) 320 K 8.75 9.31 9 06 9.40 6 40 3.54 7.40
330 K 7.75 8.87 8.53 9 00 14.45 10.06 16.12
Mole fraction of respective components in mixture composition.
o f  e n e rg y  d u e  to  la r g e r  n u m b e r  o f  c o ll is io n s  d o m in a te s  a n d  
h e n c e  m o le c u le s  re o r ie n t  w ith  f a s te r  ra te  w h ile  f ie ld  c h a n g e s  its  
d ir e c t io n . F ig u r e s  1 a n d  2  p re s e n t  v a r ia t io n  o f  L o g  (T qT )  v/s 1 / 
T  fo r  th e  th r e e  a c ry la te s  a n d  th e i r  te rn a ry  m ix tu re s  re s p e c tiv e ly . 
T h e s e  p lo ts  s h o w  l in e a r  r e la t io n s h ip  w ith in  e x p e r im e n ta l  e rro r , 
w h ic h  in d ic a te s  e x p o n e n t ia l  d e c a y  o f  r e la x a t io n  t im e s  w ith  
te m p e ra tu re  f o r  th e  d ie le c tr ic  re la x a tio n  p ro c e s s e s .
•  PureBA 
■ PurelBMA 
^PureBMA
Figure 1, Plots of log,^ (Tq T) versus \/T  for pure BA, 1BMA and BMA 
in dilute solution of carbon tetrachloride.
For all the solutes and their ternary mixtures, values of T2 
are significantly different from Tq and r ,, beyond any
e x p e r im e n ta l  e r ro rs . T h is  r e s u l t  c o n f i rm s  th e  p re s e n c e  o f  boil 
in te rm o le c u la r  a n d  in t r a m o le c u la r  r e la x a tio n  p ro c e s se s . H ighci 
v a lu e s  o f  T 2 i n d i c a t e  t h a t  c o n t r ib u t io n  o f  in t ra m o le c u la i  
r e la x a tio n  is  h ig h e r  in  c o m p a r is o n  to  in te rm o le c u la r  o r  overal 
m o le c u la r  re la x a tio n . L is te d  T q v a lu e s  in  T a b le  1 fo r  m ix iu u  
c o m p o s i t io n s  a t fo u r  d i f f e r e n t  te m p e r a tu r e s  l ie  b e tw e e n  r ,  
v a lu e s  o f  c o n s t i t u e n t  c o m p o n e n t s .  T h i s  b e h a v io r  c a n  h( 
e x p la in e d  in  te r m s  o f  o v e r la p p in g  o f  tw o  D e b y e  r e g io n s  an d  
c o n s id e r in g  th a t  th e  d e g re e  o f  o v e r la p  c h a n g e s  w ith  c h a n g e  ir 
m o la r  c o n c e n t r a t io n  o f  p o la r  c o m p o n e n ts  o f  th e  m ix tu re .
•  T.Mix.No 1 
a Tmix No i 
A TMIx.No -c 
X TMix.No ’4
1/TxlOOO
F igure  2. Plots of log,^, ( T q  T) versus 1/T for ternary m ix iu ie  
compositions of BA, IBMA and BMA in dilute solution of carbon 
tetrachloride.
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The experimental values of most probable relaxation time Tq 
of mixture com positions at four different temperatures arc 
compared with computed Tq values obtained by using eqs. (10- 
12) and are listed in Table 2. Experimental and computed values 
arc comparable to each other however small deviations may be 
attributed to experimental uncertainties. At higher temperatures, 
these deviations are quite large and hence solute-solute and 
solute-solvent interactions among molecules may dominate 
relaxation process. An additional term representing interaction 
among dissimilar molecules o f mixture needs to be included in . 
expression of m ost probable relaxation time to improve j 
theoretical basis for the interpretation of relaxation time of* 
mixtures and a variety o f m ixture com positions at higher? 
temperature range should be taken. j
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